Abstract : To obtain a vibration-dose limit for Japanese workers exposed to hand-arm vibration, the prevalences of vibration-induced white finger (VWF) and numbness of the hand were studied in 5 different groups of workers exposed to 'segmental vibration. In addition, the prevalence of primary Raynaud's phenomenon (PRP) in the general population without occupational vibration exposure was computed. The vibration levels in the exposed groups (except chain saw operators) ranged from 124.1-129.2 dB (reference value, 10-6 m/s2). The prevalence of VWF in these groups was 2.2-4.8%.
INTRODUCTION
In the field of construction, forestry, foundry work, machining, and mining a large number of vibrating tools and equipment have been found to raise the risk of developing hand-arm vibration syndrome (HAVS).
The number of workers exposed to hand-arm vibration is estimated to be about 1.3 million in Japan1) and about 1 million in the United States2, 3). In European countries about 2 to 4% of all employees have been estimated to be exposed to hand-arm vibration4).
HAYS is composed of symptoms in finger circulation, the peripheral nerves and the musculoskeletal system of the hands and arms5, 6). The number of patients with HAYS in Japan has been annraised as about 20.000. To protect the workers exposed to hand-arm vibration some major institutions have proposed hand-arm standards or guidelines. These include the International Organization for Standardization7) [ISO 5349 (1986) (Table 1) .
It must be noted that the prevalence rate of vibration-induced white finger [(VWF) as a secondary form of Raynaud's phenomenon] in workers exposed to segmental vibration has been considered as the most typical indicator (in addition to the 3 aforementioned factors) in documented research concerning HAYS.
VWF is defined as periodic ischemic attacks of the fingers which seems to be aggravated by a cold conditions5, 16) and its wide prevalence has been reported in different countries. However, its etiology is not clearly known. For the present study, it was believed that a guideline for the prevention of HAYS should contain a safety limit at which point the prevalence of VWF in the exposed workers should be close to the prevalence of Raynaud's phenomenon (RP) in the general Japanese population which is not exposed to occupational vibration.
From this standpoint, the prevalences of VWF in 5 groups of subjects exposed to low vibration intensities were studied. In addition, the prevalence of RP in the general population without any occupational vibration exposure was determined and compared with the prevalences of VWF in the exposed groups.
Moreover, the literature on HAYS and primary RP (PRP) were reviewed in comparison with our results.
MATERIALS AND METHODS
The vibration exposure intensity and the prevalence of VWF were examined in 5 groups of subjects operating different power hand tools, i.e., (A) dental technicians, (B) operators of various types of hand-held tools in an aircraft industry, (C) digging laborers, (D) sewing machine operators, and (E) chain saw workers.
I)
Vibration measurements:
The vibration was measured using vibration dosimeters [(VB-03 Rion Co.]17) which are composed of one-directional accelerometers of shear type, PZT (PV-90 H). The accelerometer was mounted on the back of the hand using a simple palm band such as an athletic wrist supporter type. The cable for the vibration pick-ups ran through the subject's sleeves, so as not to disturb the hand tool operator during the real job process. The output of the vibration dosimeter could be read in the equivalent frequency-weighted vibration acceleration level during the measuring period (Lw, t)eq and for 8 hours normalized (Lw, 8)eq. The former values were directly considered for the evaluation of vibration exposure level in subjects using vibrating tools.
It should be mentioned that in a preliminary investigation the differences in the simultaneously measured values of frequency-weighted acceleration levels on the tool (a vibration exciter at 3.16, 5.6, 10, and 31.6 m/s2) and on the back of the hand at the frequency ranges up to 250 Hz was noticed to be 0.7-2.2 dB. This value reached to 5-8 dB at higher frequeqncy range. These results were in good agreement with those reported by Tokita et al17).
The equivalent frequency-weighted acceleration levels for a period of 4 hrs [(Lw, 4)eq] in the groups were also determined using the following equation') : (Lw, 4)eq = (Lw, t)eq+ 10 log (t/4) where, (Lw, 4)eq = frequency-weighted acceleration level (dB) for a period in a day, (Lw, t)eq = frequency-weighted acceleration level (dB) for a time of t, and t = estimated daily work period (hrs). (The mean exposure times were used in this study.)
In dental technicians, all of whom replied about their daily vibration exposure (hrs/day), the (Lw, 4)eq values concerning some tools which were more frequently used could be computed.
A•\Dental laboratories :
On the basis of the questionnaires, personal interviews and by several visits to dental laboratories (n = 4), the following tools with rotational speed up to 40,000 RPM were recognized to be used more frequently : hand-held sanders/polishers (powered by electrical engine belts), grinders and polishers, model trimmers, and vibrators.
By random personal interviews and by field visits to an aircraft industry the following tools were recognized to be used more frequently power screw drivers, air spanners, bevellers, core drills, trench compactors, pneumatic impact wrenches, thrustborers, hole borers, cutters, abrasive wheels, chasing tools, squeeze riveting devices, reamers, jigsaws, air hammers, and grinders. Information on vibration exposure periods and subjective symptoms in workers using hand-held vibrating tools were collected through questionnaires and personal interviews. Subjects were requested to reply about their age, sex, vibration exposure period (yrs), daily vibration exposure (hrs/day), and the types of tools
which were more frequently used. The following items concerning disorders in the upper and lower extremities were also included in the questionnaire : attacks of VWF, numbness in the hands and fingers, pains/stiffness in the hands, wrists, arms, fingers, around the neck, at the shoulders, and in the feet/knees. The mentioned disorders in the questionnaire were classified into three categories, i.e., always, sometimes, or rare. It should be mentioned that the subjective symptoms are not wholly discussed in the present study (except VWF and numbness of the hands). Further information on subjective complaints of the groups have been reported in previous studies 18-20) A group of workers (n = 256) using various vibrating tools in the aircraft industry were also included in this study.
The prevalence of HAVS was determined in this group using questionnaires and personal interviews during the annual health examination period. These workers were from 23 to 57 years of age.
Evaluation of vibration exposure conditions and the prevalence of HAVS for digging equipment operators was conducted using the results of general health examinations, field visits, and questionnaires. For this part of the study 31 out of 79 digging laborers in different areas of Gifu Prefecture were examined concerning some signs/symptoms in the hands, feet, back, neck, and joints, relating to the vibration exposure. The ages of this group ranged from 26 to 59 years.
The group of sewing machine operators was composed of 46 females between the ages of 30 and 62 years. For this group also the same questionnaire was In this study, an attempt was made to compare the prevalence rate of VWF (also called RP of occupational origin) in the aforementioned groups with the prevalence rate of primary RP (PRP) in the general Japanese population not occupationally exposed to vibration. Therefore, a group of 259 males with the mean ages of 51.7 ± 10.4 years (range 30-69 yrs) and 657 females with the mean ages of 49.5 ± 10.8 years (range 30-69 yrs) in Gifu City area were questioned about any signs and/or symptoms related to PRP.
III) Data collection on the prevalences of VWF and PRP by literature study: Information about the vibration levels and exposure periods, as well as the types of the disorders in workers using vibrating tools was drawn from papers in the field of vibration study. About 320 papers from 1970 to 1990 in Japan and other countries were reviewed using Medline on Silver Platter which is the bibliographic database of the National Library of Medicine (NLM).
The distribution of papers classified by different disorders in the hands and arms of workers exposed to vibration are shown in Table 3 . The Chi-squared test was used for comparing the prevalences of VWF and When the computed (Lw, 4)eq for different tools was compared, model trimmers had the highest level (126.5 dB) among the various tools used by this group. This value was followed by the vibration produced by vibrators, grinders and polishers and hand-held sanders/polishers 118.3, 115.2 and 110.9 dB, respectively. Evaluation of vibration exposure levels and the daily work period for sewing machine operators showed that these subjects had 4 to 5 hours daily exposure to vibration at a level of 1.6 m/s2 (124.1 dB) [ A comparison of the vibration levels of different tools clarified that the frequency weighted acceleration level (during a real job operation) was between 1.6 to 2.9 m/s2 (124.1 to 129.2 dB) (excluding chain saws). In Table 5 the prevalences of VWF and numbness in the groups exposed to vibration as well as the prevalence of PRP in the general population (without vibration exposure) are illustrated. The highest prevalence of VWF (9.6%) was observed among chain saw operators who were exposed to vibration between 2.7 and 5.1 m/s2. This group showed significant differences in the prevalence of VWF compared to those of digging laborers, sewing machine operators and the aircraft industry workers (p< 0.05). The prevalence of VWF among digging laborers (2.5%), workers in the aircraft industry (2.3%) and sewing machine operators (2.2%) was less than that of dental technicians (4.8%).
As for the general population, a prevalence rate of 2.7% for PRP was noticed in males and 2.9% in females in the general population without occupational vibration exposure. As can be seen in Table 5 these values (2.7-2.9%) did not differ significantly (p >0.05) compared to the prevalences of VWF in the exposed groups (except in chain saw operators).
The prevalence of numbness of the hands in all groups exposed to occupational vibration was found, regardless of the different vibration levels of the various tools used. The sewing machine operators showed the lowest prevalence of numbness of the hands (6.5%). The value among chain saw operators reached to 15.8% which was close to those of dental technicians (16.1%) and digging laborers (15.2%). In the aircraft industry 27 workers (10.3%) complained about numbness in the hands/fingers. However, the differences in the prevalence of numbness of the hands among the groups were insignificant (p > 0.05) ( Table 5 ).
II) Literature study concerning vibration intensity and VWF:
The obtained results (means and ranges) of frequency-weighted acceleration levels for different hand-held vibrating tools which were derived from reports (data from references 25-44 and the present study)
HAND-ARM VIBRATION-DOSE  LIMIT  FOR  JAPANESE  WORKERS  13 since 1970, together with the results of our present study are shown in Table 6 . The acceleration of different tools are ranked from the highest to the lowest value. In Table 6 the latent periods [the exposure time before finger blanching (yrs)] regarding 10 to 50% prevalence of VWF are also indicated (according to ISO 5349).
As can be seen, the operators of some tools such as rook drills are exposed to vibration acceleration up to 156 m/s2. With respect to the mean value of vibration acceleration, the latent interval (yrs) for 10 to 50% prevalence of VWF of workers using rock drills might appear between 0.5 and 2.8 years.
As for chain saws, the acceleration value was reported to be from 2.2 to 50 m/s2 with the mean value of about 11.3 m/s2. This amount of acceleration could be the cause of VWF at 10 to 50% of chain saw operators, to whom the latent period would be from 2.8 to 7.0 yrs. woodworking machine operators, workers who use various types of light handheld tools, percussion digging laborers, and sewing macnine operators. For workers exposed to the vibration of these tools the latent period of VWF with a prevalence range from 10 to 50% was appraised to be about 11-24 years (Table  6 ).
In Fig. 1 the collected data on frequency-weighted acceleration level of chain saws, the latency and prevalence of VWF among chain saw operators are plotted using SAS (Statistical Analysis System) graphs. As depicted, the latency period had an inverse correlation with the vibration acceleration of the tool. It should be cited that due to a wide range in the prevalence of VWF reported in different countries, it is difficult to comprehensively assess the data on HAVS. To define vibration exposure characteristics several critical factors are univer- sally used, i.e., vibration intensity, exposure duration and the type of the stimulus (whether it is continuous or interrupted). Recently Teschke et al.24) have used noise dosimetry to monitor the daily duration of exposure to hand-arm vibration from chain saws and consequently to refine dose-response estimates for HAVS. In addition, as can be seen in Table 9 , the prevalence of PRP in the general population without any occupational exposure to vibration has been reported35,46,48, 53-74) at different rates.
For instance, this rate has been reported among males, females or the general population to be 5-18% in Sweden ; 5-15% in the United States , and 5-18% in some other European countries.
It should be mentioned that females might show a higher prevalence of PRP (about two-fold) than that of males.
However, in the present study the prevalence of PRP was noticed at a rate of 2.7% for males and 2.9% for females.
One important consideration is that it might be difficult to evaluate the prevalence of a disorder (VWF) occurring with a low prevalence rate in a population in which PRP has been observed at a higher prevalence rate (about 10%). Therefore, the prevalence of PRP needs to be a matter of concern in the hand-arm vibration documentation research.
In Japan, the ISO guidelines 53497) have mostly been used for the assessment of risk due to hand-arm vibration. However, as mentioned above, not only the vibration characteristics but also differences in climatic conditions, biological parameters, tolerance of working with hand-held vibrating tools, and a lower prevalence of PRP in the general Japanese population should be taken into account for a documentation.
In this study the prevalence of VWF in males and females exposed to vibration (frequency-weighted) at a level of less than 2.5 m/s2 was noticed (2.3-4.8%, excluding chain saw operators) to be close to the 2.7-2.9% prevalence rate of PRP in males and females in the general population reported here and 0.5-4.6% reported by other researchers in Japan35,53-57.
The higher prevalence of VWF in dental technicians (4.8%) could be explained by the fact that dental technicians are often exposed to vibration with a higher frequency range (up to 40,000 RPM).
The data gained on frequency-weighted acceleration of some tools used by subjects of this study were compared to those reported by other researchers25, 26, 34, 75-81). As can be seen in Table 10 , for the vibration characteristics of dental laboratory devices, sewing machines, and chain saws some resemblances with our data could be clarified, though the vibration dosimeter was mounted on the back of the hand in this study.
Considering our results and the reviewed materials, we suggest that a daily hand-arm vibration exposure at the level lower than 2.5m/s2 (128 dB, reference value 10-6 m/s2) could decrease the risk of VWF among exposed workers.
It should be mentioned that even operating the tools which could transmit the vibration into the hand at the level proposed here might cause pain and stiffness both in the upper and lower extremities in workers when they have a continuous working period (about 8 hrs/day) . For instance, as is shown in Table 4 , the daily vibration exposure to various tools used by dental technicians was reported with different ranges up to 8 hrs/day. Although the vibration intensities of the tools in dental laboratories were not high (compared to those of some tools reported in Table 6 ) , pains were claimed by dental technicians at the shoulders (30. 8% ) , around the neck (30.1% ) , around the wrists (18.5% ) , in the arms (15.8% ), and in the fingers (14.4%).
With respect to a number of previous documentations and reports on HAVS7, 28, 46, 82, 83), the total daily exposure time during which vibration is transmitted to the hands does not usually exceed 4 hrs/day. This period of 4 hrs/day has been used as basis for assessment of vibration exposure in the Annex A ISO (5349) .
In the present study also, we demonstrated that the total daily hand-arm vibration exposure in the different groups of workers (excluding chain saw operators) had a mean value of about 4 hrs/day (Table 5) . Concerning the prevalence rates of VWF which were close to the prevalence rate of PRP in the general population (Table 5) , we believe that with such a daily vibration exposure the prevalences of VWF and PRP could be retained at the same level. This guideline for the maximum daily vibration exposure (4 hrs/day) would possibly reduce the chances of developing HAVS. 
